In 11 patients with bronchial asthma, lung volumes, FEV1.0, PaO2, and lung diffusing capacity (single breath CO method) were measured in status asthmaticus and after recovery.
Ventilatory capacity improved following therapy. The improvement was associated with a rise in vital capacity and a fall in residual volume, but the total lung capacity might either decrease, increase or remain unchanged.
A decreased value of PaO2 was found in all patients in status asthmaticus. After treatment PaO2 increased in all patients. In two of them PaO2 increased despite the unchanged values of the other parameters of pulmonary function. The improvement of PaO2 after treatment is considered to be the result of adjustment of perfusion to ventilation.
The lung diffusing capacity was below normal values in three patients before treatment. After treatment the diffusing capacity increased in six patients. The diffusion constant, although within the normal range in status asthmaticus, increased after treatment in one and decreased in three other patients. The decreased diffusing capacity in status asthmaticus is the consequence of a reduced effective alveolar volume due to uneven distribution of ventilation. The changes observed in the diffusion constant following corticotherapy are ascribed to a dependence of this constant on the different level of the alveolar volume at which the single breath test is performed.
In recent years much information has been published about the impairment of lung function in bronchial asthma. However, most of it was obtained at one stage in the evolution of the disease only, i.e., at a symptom-free period or during exacerbation of bronchial asthma. We consider that a better insight into pulmonary function impairment in bronchial asthma can be obtained by following the same patient from status asthmaticus to a symptom-free interval.
Although serial changes of lung volume in bronchial asthma have been reported already, less attention has been paid to serial changes of oxygen arterial tension (PaO2) and lung diffusing capacity.
The purpose of this study was to assess the changes of lung volumes, ventilatory capacity, PaO2, and lung diffusing capacity in patients with bronchial asthma in status asthmaticus and after recovery.
MATERIAL AND METHODS
Eleven patients (six females) with bronchial asthma in status asthmaticus were studied after admission to the Department of Allergy of the Institute of Internal Medicine in Bucharest. All had been previously followed in this department for several years. The diagnosis of bronchial asthma was based on clinical criteria (Ciba Guest Symposium, 1959) . They had a history of paroxysmal dyspnoea and wheezing interspaced with symptom-free intervals. As some of them were corticodependent, free intervals occurred during the last years only following treatment. Blood or sputum eosinophilia was found in all but one patient.
In order to exclude coexisting chronic bronchitis and/ or pulmonary emphysema patients with chronic purulent sputum and attenuation of peripheral vessels on the chest radiograph (Laws and Heard, 1962) were not included.
Vital capacity (VC), forced expiratory volume at 1 second (FEVI.o), and minute ventilation were measured on a ventilated spirograph (Pulmotest, Godart). Residual volume (RV) was measured using the closed circuit helium dilution method. In order to maintain a constant volume of the spirograph, oxygen was continuously added during the test through a semi-automatic device. Rebreathing was continued until equilibration of the helium in the system was achieved, less than 0-002-0003% decrease per minute (initial helium concentration 2%) for at least 20 tions were carried out in each patient in duplicate, with a pause of about 40 minutes between the tests. Measurements were discarded whenever a difference greater than 1000 in functional residual capacity (FRC) between two successive tests was found. Nor- mal values for static lung volumes and FEVj.o in males were those of Jouasset (1960) . For VC and FEV1.o in females we used the prediction equations of Berglund, Birath, Bjure. Grimby, Kjellmer, Sandquist, and Soderholm (1963) . Normal values for residual volume and total lung capacity (TLC) in females were computed from the RV/TLC ratio of Jouasset (1960) and normal values for VC in females.
The oxygen tension in the arterialized blood (PaO2) was measured with the Radiometer electrode (E 5046) calibrated with an oxygen free solution and ambient air. Arterialized capillary blood was obtained from the pulp of the finger after at least 10 minutes' warming in a water-bath at 45°C. Three to four blood samples were obtained and measured within five minutes. The results retained represented the means of measurements differing by less than 2 mm Hg.
Pulmonary diffusing capacity (DL') and 'diffusion constant' (DL'/VA') were measured by the single breath method, using the 'effective' alveolar volume (VA/) obtained from helium dilution in the test breath (McGrath and Thomson, 1959) and breathholding time according to Jones and Meade (1961) . Pulmonary diffusing capacity (DL) was also computed as recommended by Ogilvie, Forster, Blakemore, and Morton (1957) using the sum of RV (helium closed circuit) and inspired vital capacity. Whenever the alveolar sample after anatomical and instrumental dead space washout (minimum 700 ml.) was too reduced (less than 600 ml.) to permit analysis, the alveolar sample was diluted with air in a tonometer. Details of the method have been given elsewhere (Teculescu and Stinescu, in press) . Normal values for DL' and DL'/VA' ratio for males were obtained in this laboratory (Teculescu and StAnescu, in press ). For females we used the prediction values of Billiet (1966) 
RESULTS
After treatment all patients claimed that corticotherapy had improved their clinical condition. Some of them, however, were not symptom-free but a better result had not previously been achieved.
Physical data, lung volumes, and ventilatory capacities in all patients before and after treatment are shown in Table I . Vital capacity was reduced in all patients and rose significantly after treatment (P<0-001), reaching normal values in all but three patients. FEV1,, and the FEV10/VC ratio fell in all patients before treatment, with values as low as 415 ml. and 26-4% respectively. Following corticotherapy the mean values of FEV1 0 rose significantly (P<0c001) although in two patients it did not change. However, the FEV10/VC ratio became normal in only two patients. Mean minute ventilation before treatment (12 7 1./min.) did not differ significantly from the value after treatment (9 23 1./min.). The respiratory rate was similar before (21 7/min.) and after (20-5/min.) treatment. Mean values of TLC after treatment did not differ significantly from those before treatment. However, TLC decreased after corticotherapy in one and increased in three other patients. The RV/ TLC ratio was raised in all patients (up to 65%) and fell after treatment in all but two patients. As a group, the RV/ TLC ratio decreased significantly (P<0001) after treatment; but was still higher than normal in five patients. The VA'/TLC ratio was lower than unity in all patients when symptomatic and increased afterwards in all but three patients, reaching unity or near unity.
The PaO2, diffusing capacity, and diffusion constant values before and after treatment are shown in Table II (Engstrom, 1964; Weng and Levison, 1969) . The lack of increase in TLC in asthmatic exacerbations in children may be due to plugging of airways with mucus (smaller airways diameter) and/or an underestimation of inspiratory capacity due to exhaustion of respiratory muscles.
Comparative determinations of the multibreath (TLCHe) and single breath helium technique (VA') showed a lower than unity (VA'/TLCHe) ratio in all our patients during status asth.maticus, confirming previous experience that the helium single breath method underestimates TLC compared with the closed circuit method in patients with obstructive airways (Morton and Ostensoe, 1965; Teculescu and Stanescu, 1969 (McFadden and Lyons, 1968; Meisner and Hugh-Jones, 1968; Palmer and Diament, 1969; Simpson, Forfar, and Grubb, 1968; Tai and Read, 1967; Valabhji, 1968) . A ventilation-perfusion imbalance seems to be the cause of hypoxaemia in acute attacks of asthma, and we think the increase of PaO2 values after clinical improvement is associated with a more even distribution of ventilation and perfusion. In several patients PaO2 reached normal or near normal values; though FEV1.0 increased and the RV/ TLC ratio decreased, a spirographic defect and hyperinflation were still present. A similar observation was made recently by Valabhji (1968) in 6 out of 12 patients with bronchial asthma. In these 6 patients clinical recovery was associated with a normal level for the alveolo-arterial gradient de- spite persisting airways obstruction. These results suggest the intervention of a protective homeostatic mechanism matching the perfusion to ventilation, as an uneven distribution of ventilation was previously found in asymptomatic patients (Stanescu, Teculescu, Pacuraru, and Popa, 1968) . In patients 9 and 10, PaO2 values increased significantly after corticotherapy although the airway obstruction remained unchanged. Recently, Fuleihan, Feisal, and Malouf (1967) also reported a significant increase of PaO2 after corticotherapy in patients with chronic bronchitis, without any change in the clinical condition or spirographic performance. They thought that a more uniform distribution of ventilation in relation to perfusion was responsible for this improvement in PaO2 values, and probably the same mechanism operated in our two patients.
LUNG DIFFUSING CAPACITY Previous studies have shown that the diffusing capacity of the lung is normal in bronchial asthma (Burrows, Kasik, Niden, and Barclay, 1961; Kanagami, Katsura, Shiroishi, Baba, and Ebina, 1961; Bedell and Ostiguy, 1967; Pecora, Bernstein, and Feldman, 1966) , and so this test has been considered useful to differentiate bronchial asthma from pulmonary emphysema. However, the clinical condition of the patients investigated in these studies has not been mentioned. A significant fall of DL was reported by Palmer and Di-ament (1969) patients. An increase of DL and a decrease of the DL/VA ratio was reported in three asthmatic patients when the ventilatory obstruction improved (Meisner and Hugh-Jones, 1968) . The decrease of DL' observed in our patients in status asthmaticus is due to the reduced value of the effective alveolar volume. Although the DL single breath method is reputed to be less sensitive to functional unevenness than other methods, in extreme cases an impaired distribution of inspired air, regional variations of V/Q and the DL/Q ratio can decrease DL'WO (Piiper and Sikand, 1966) .
A decrease of DL' was previously found by us in asthmatic patients following an induced attack of asthma (Stiinescu and Teculescu, 1969) . Whenever a ventilation unevenness is present Piiper and Sikand (1966) proposed to calculate the true DL by multiplying DL' by the VA/VA' ratio, i.e., using DL instead of DL'. It is evident that as TLC is greater than VA', DL would be greater than DL' (see Table II ). At present there is no agreement concerning the use of VA' or TLC to compute DL'. In recent years, however, several investigations have used VA' as this is the actual volume involved in the uptake of CO during the single breath test.
To use DL instead of DL' is merely to ascribe to the total lung capacity the diffusion characteristics measured in a smaller lung volume.
In normal subjects it has been shown that DL increases and the DL/VA ratio decreases with the increase of alveolar volume (McGrath and Thomson, 1959; Cadigan, Marks, Ellicott, Jones, and Gaensler, 1961) . The rate of change of DLCO and DL/VA with the alveolar volume is variable from one subject to another. This relationship is not linear over the whole alveolar volume. One can observe an increase in DL with a concomitant decrease or little change in DL/VA, or a decrease in DL/VA with little change in DL (Billiet, 1965 
